ABSTRACT
I. INTRODUCTION
The Internet is changing the costs of communicating significantly within Africa and between Africa and the rest of the world. The Internet is truly a world-wide phenomena. This study looks at the diffusion of the Internet in Ghana, one of the first countries in Africa with an Internet presence.
As in most countries, the complex relationship between the ISPs and the former Post, Telegraph, and Telephone (PTT) in a country impacts the pattern of Internet diffusion in that country.
1 By 1996, three commercial Internet Service Providers (ISPs), each with its own satellite connection to the global Internet, were competing in Ghana. These satellite connections allowed the ISPs to avoid using the existing telephone company, Ghana Telecom, for international (2001) 240,000 Telephone (Main Lines) Per 100 (2001) 1.3 Telephone (Cellular) (2001) 150,000 Internet Users (2002) 200,000
II. HISTORY OF THE INTERNET IN GHANA FIDONET
The first international computer network in Ghana was based on store and forward e-mail and bulletin board systems in which computers were linked through short dial-up calls. In 1989, a Fidonet connection was established between Greennet in London and the Ghana National Scientific and
Communications of AIS, Volume 13 Article 38 6 Global Diffusion of the Internet IV: The Internet in Ghana by W. Foster, S. Goodman, E. Osiakwan and A. Bernstein Technological Information Network (GHASTINET), the Association of African Universities (AAU), and the Technology Transfer Center (TTC) [Osiakwan, 2000] .
The project started out as a pilot of the Pan African Development Information System (PADIS) and was funded by the Canada-based International Development Research Center (IDRC). The National Science and Technology Library and Information Center (NASTLIC) of the Center for Scientific and Industrial Research (CSIR) assumed responsibility for operating GHASTINET.
Later, the Balme library at the University of Ghana became the central Fidonet hub for an extensive network that at its height supported 50,000 users [Osiakwan, 2000] .
A few years later, a more robust store and forward e-mail system was built by AAU using the Unix to Unix Copy Protocol (UUCP), providing e-mail connectivity to twenty-three organizations, including the three major universities.
NETWORK COMPUTER SYSTEMS (NCS)
Though the AAU's e-mail system, AAUnet, allowed subscribers to route e-mail traffic to the global Internet, TCP/IP connectivity was first provided by a commercial system integrator, Network Computer Systems (NCS). NCS was In 1992, NCS applied to the Ministry of Transport and Communications for the right to offer value-added services such as e-mail. Originally, NCS was a user and reseller of MCI mail, but by 1994 NCS had established a 9600 bps Point to Point Protocol (PPP) connection over a dial-up link to Pipex, the largest ISP in England. NCS allowed its subscribers to dial-in to its computers, establish a shell account, and access the global Internet during the four to six hours a day when the connection to Pipex was up [Quaynor, 2003] opened Points of Presence (POPs) in Kumasi and Takoradi. As the number of clients grew, NCS expanded its dedicated connection to Pipex to 64 Kbps [Quaynor, 2003] .
In 1995, NCS also applied to the Frequency Board for permission to operate its own international gateway based on satellite technology.
NCS received permission to operate a satellite connection and, in 1996, implemented a 3.8 meter class C satellite connection over which it was able to connect to the Internet backbone in the United States.
INTERNET GHANA
By June 1996, a second ISP, Internet Ghana, was up and running. It was established by Electromod, a local computer company run by Leslie Tamakloe. 
AFRICA ONLINE
Ghana's third ISP, Africa Online, was founded by three Kenyans who had studied at M.I.T. and Harvard and returned to Kenya to found an Internet service for all of Africa. The company received significant funding from Prodigy. In November 1996, Africa Online, led by Ghanaian M.I.T. alumnus Mawuli Tse, opened up service in Ghana using a 64Kbps Ghana Telecom leased line to its hub in Boston. After several months, this leased line was replaced with an earth station that provided 512 Kbps of international backbone connectivity. Africa Online also used VSAT to build a Ghana backbone of 2 Mbps that connected many of the regional capitals including Tamale. The dot com crash and the drying up of funds from Prodigy forced Africa Online to cut back many of its forays into the value added market. The company decided to focus on providing a high quality service sold at a premium [Sarpong, 2003] . 
THE PROLIFERATION OF ISPS

INTERNET CAFÉS
Many ISPs focused on supplying Internet service to the many Internet cafés that sprung up in Accra. Over 1000 Internet cafés provide easy low cost access to the Internet for those without a PC, a phone line, or a subscription to an ISP.
The biggest Internet café in Ghana is BusyInternet. Its over 100 PCs are connected to the Internet through its own satellite system. BusyInternet is the brainchild of Mark Davies, a naturalized American (originally from Wales). On BusyInternet's second floor is a business incubator that provides start-up Internet businesses with phone and high-speed Internet service. All of BusyInternet is backed by a US$30,000 generator and a large battery to keep the computers running for 11 minutes until the generator starts. A US$18,000 transformer handles the frequent power surges [Zachary, 2003] .
SATELLITE AND FIBER BACKBONES IN GHANA
Ghana's first IP over satellite connection was implemented by NCS using a Wolcott et al. [2001] provide a framework to describe Internet diffusion in a country. Named the Global Diffusion of the Internet (GDI) framework 3 , it consists of six dimensions:
III. DIMENSIONS OF INTERNET DIFFUSION
Pervasiveness: A function of the number of users per capita.
Geographic Dispersion:
The physical dispersion of the Internet in a country.
Sectoral Absorption: The commitment of organizations in the academic, commercial, health, and public sectors to Internet use.
Connectivity Infrastructure:
The extent and robustness of the physical structure of the network. Table   3 to justify the claim that between 1 in 100 and 1 in 10 Ghanaians use the Internet. They estimated that approximately 300,000 people in Ghana used the Internet at least once a month in 2003. 1993 1994 -1996 1997 -1999 2000 Level 1 (<1 in 1000) Level 2 (> 1 in 1000) Level 3 (>1 in 100) One member of the expert panel believed that the number of users passed the threshold of one Internet user for every 10 people in Ghana. Ghana is clearly now at Level 3 (Established) for the Pervasiveness dimension (Table 5 ). There may be some Internet users in the country; however, they obtain a connection via an international telephone call to a foreign ISP.
Level 1
Embryonic: The ratio of users per capita is on the order of magnitude of less than one in a thousand (less than 0.1%) Level 2 Nascent: The ratio of Internet users per capita is on the order of magnitude of at least one in a thousand (0.1% or greater).
Level 3
Established: The ratio of Internet users per capita is on the order of magnitude of at least one in a hundred (1% or greater) Level 4 Common: The ratio of Internet users per capita is on the order of magnitude of at least one in ten (10% or greater)
GEOGRAPHIC DISPERSION
The Geographic Dispersion dimension evaluates the physical dispersion of the Internet in a country. In many developing countries Internet access was initially available only in the capital city. Centralization is in part a legacy of the colonial system in which infrastructure investments were restricted to the capital city and a few key economic centers.
In Ghana, the Internet was available relatively early in some of the economic Telecom balances being both a provider and a competitor to the ISP industry will strongly influence the evolution of the Internet services industry. Table 7 shows that Ghana is now at a Level 3 (Highly Dispersed) in geographic dispersion. Highly Dispersed: Internet points-of-presence are located in at least 50% of the firsttier political subdivisions of the country.
Level 4
Nationwide: Internet points-of-presence are located in essentially all first-tier political subdivisions of the country. Rural access is publicly and commonly available. 1993 1994 -1995 1996 -1999 2000 Level 1 Level 2 Level 3
SECTORAL ABSORPTION
The Sectoral Absorption dimension measures the extent to which organizations in the academic, commercial, health and public sectors commit to Internet use.
Because the GDI framework takes into account only IP connectivity, we did not include in our analysis the presence of store and forward e-mail systems in the Ghana is one of the nodes in the African Virtual University (AVU), a World Bank funded distance learning initiative that connects 22 universities in Africa with scholars in the West [Mbarika, 2003; Light, 1999] . For the past several years, the "Medium" ranking should apply to the academic and government sectors (Table   9 ).
Less clear is whether 10% or more of commercial organizations have their own
Internet servers and whether the business sector should be evaluated at the Although not captured in the criteria for sectoral absorption, most Ghanaian NonGovernmental Organizations (NGOs) maintain their own web pages, though not necessarily their own servers.
In addition, although most health care organizations do not maintain dedicated connections to the Internet, the health care community used store and forward e- Overall, we give Ghana a high Level 2 (Moderate) rating for sectoral absorption (Table 10 ) Table 11 evaluates longitudinally sectoral absorption by sub-sector. Ghana clearly has been stuck in the Level 2 (Moderate) category since 1996. It is now at the high end of the Level 2 (Moderate) ranking. An improvement in the ranking of any one sub-sector will move the sectoral absorption ranking to Level 3 (Common). Last mile access is distributed between dial-up access (often limited to 24Kbps), leased line connectivity (primarily 64Kbps), and wireless access. Internet Ghana successfully used DSL to connect companies. Although the pervasiveness of wireless and DSL access potentially justifies a rating higher than Level 2 for Access Methods, the limited, low quality infrastructure justifies a Level 2 (Expanded) rating. Table 13 shows that Ghana stayed in the Level 1 (Thin) range for Connectivity
Infrastructure from 1996 through 2003, although it moved up half a point in 1997.
Ghana's connectivity infrastructure when compared with most other countries at a Level 3 for Pervasiveness and Geographical Dispersion is clearly skewed on the downside. The lack of infrastructure, especially outside of Accra, greatly hampers the ISP industry. In addition, the lack of an exchange and interconnection agreements is a sign that the ISPs are not cooperating with one another or negotiating effectively with Ghana Telecom. 
SOPHISTICATION OF USE
The Sophistication of Use dimension of the GDI framework evaluates the level of innovation associated with the Internet in a particular country. Ghana is clearly at Level 2 (Conventional) ( Table 15 ). The Internet is used as an alternative to high priced international phone calls and a very inefficient postal system. Few signs point to societal processes or business processes being re-engineered to take advantage of the Internet. The lack of a credit card infrastructure and the lack of trust hindered the development of the financial infrastructure necessary to support business-to-consumer Internet services. Widespread fraud will undermine the deployment of that infrastructure for some time. Conventional: The user community changes established practices somewhat in response to or in order to accommodate the technology, but few established processes are changed dramatically. The Internet is used as a substitute or straightforward enhancement for an existing process (e.g. e-mail vs. post). This is the first level at which we can say that the Internet has taken hold in a country.
Level 3
Transforming: The use of the Internet by certain segments of users results in new applications, or significant changes in existing processes and practices, although these innovations may not necessarily stretch the boundaries of the technology's capabilities. Level 4 Innovating: Segments of the user community are discriminating and highly demanding. These segments are regularly applying, or seeking to apply, the Internet in innovative ways that push the capabilities of the technology. They play a significant role in driving the state-of-the-art and have a mutually beneficial and synergistic relationship with developers.
Although Ghana reached Level 2 (Conventional) by 1996, it did not move to a Level 3 (Transforming) rating in sophistication of use. As Table 17 shows, the evolution along the dimensions of the framework progressed rapidly at first but in 1999 began to stall. Ghana did not evolve since 2000. In many other countries outside of Africa, Internet diffusion scores continued to increase in the new Millennium. Policy makers in Ghana should be concerned about the country's lack of progress. What does Ghana need to do differently to reach higher levels of diffusion along each of the dimensions? Table 17 . Internet Dimension Rankings by Year.
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IV. DETERMINANTS OF INTERNET DIFFUSION IN GHANA
The determinants of Internet diffusion shape the evolution of the Internet over time. Identified in the course of conducting many GDI country studies, these determinants (Table 18) Internet cafés do not operate in most parts of Ghana, even in areas with telephone lines. In most towns with telephone service, the only way to access the Internet is through a long distance call to an ISP in Accra or in one of the other regional capitals served by the Internet. Global Diffusion of the Internet IV: The Internet in Ghana by W. Foster, S. Goodman, E. Osiakwan and A. Bernstein Ghana Telecom commited to rolling out phone and Internet access over the next several years to every town and village in Ghana that contains a secondary school. If this promise is even partially realized, many more Ghanaians will be able to use the Internet. Ghana Telecom did not announce how it will implement Internet access in these towns or how it will leverage private sector investment to support ISPs and Internet cafés. It will use cellular technologies to support some of these remote sites [Sulzberger, 2003] .
ISP Access to the Internet Backbone
In many countries, a national Internet backbone reduces the cost and difficulty of At locations where dial-up and leased lines are unavailable, users must be willing to pay for a satellite-phone or VSAT connection to an ISP in Accra or outside the country. In addition to the charges for satellite links and global IP connectivity, licensing fees are imposed.
EASE OF USE
All other factors being equal, technologies that are easy to use are more likely to be adopted than those that are difficult to use. Since most Ghanaians can read and write English and national literacy is 74.8% [World Fact Book, 2003) , the Internet is relatively easy to use. Few websites serve indigenous languages such as Twi, the Ashanti language. One of these Twi websites was developed by Gideon Hayford Chonia at the University of Zurich who is trying to teach Twi on the Internet (http://www.unizh.ch/spw/afrling/ aliakan/index.html). Peace FM, a local station, broadcasts Twi over the Internet at www.peacefmonline.com.
Most of the Ghanaians in Accra frequenting Internet cafés do not seem to encounter difficulty accessing and using Yahoo e-mail and browsing websites.
On the other hand, due to the weakness of the university system and the departure of many skilled workers from the country, very few people in Ghana are skilled and trained to construct new applications and protocols. Zachary [2003] in Black Star gives a good account of the few people and organizations that do.
Although not necessarily counted as Internet users, almost every Ghanaian is connected indirectly to the Internet through the many radio stations that often broadcast news obtained from the Internet.
PERCEIVED VALUE OF THE INTERNET
Ghanaians perceive the Internet as a way of communicating with friends, relatives, and organizations outside the country. In a study of 100 people at the [BusyInternet, 2002] Many BusyInternet clients spend their time doing e-mail and browsing (Table 20) . [BusyInternet, 2002] In the survey, 49% of respondents said they primarily spend time communicating with family. Thirty percent of respondents said their e-mail contacts are primarily abroad; 22% claimed their contacts are in Africa.
Of respondents' e-mail contacts outside of Africa, 60% are in the USA, 32% are in the UK, and the rest are from other parts of Europe [BusyInternet, 2002) . BusyInternet's clients appear to have a purpose in mind when using the web.
Most customers (79%) always know what they want on the web and 19% sometimes do. Twenty-three percent of respondents claimed they use the web primarily for business, 23% claimed they use it for information, and 15% claimed they use the web for education. The most popular websites were Yahoo (41%) and Hotmail (22%) [BusyInternet, 2002] .
Nearly 3,000 people a week spend US$1.17 an hour to access the Internet at
BusyInternet [Akofio-Sowah, 2003 ]. For many the connection speeds justify the cost, which is twice that of many Internet cafés.
The question remains how valuable Internet access is to citizens in rural areas.
Internet evangelists in the development community often cite the potential of the Internet to provide rural farmers with more accurate and timely information on prices and conditions in regional and global agricultural markets. However, at present, few rural users access the Internet in Ghana.
Little business to business (B2B) and even less business to consumer (B2C) ecommerce takes place over the Internet in Ghana. In fact, BusyInternet blocks access to any secure website because its PCs repeatedly are used in attempts at fraud. Very few sites in Ghana are interactive. The breakdown of trust in cyberspace prevents resources from being invested in re-engineering businesses and social processes. Although some hold on to the prospect of the Internet facilitating commerce in de-monitarized economies, this hope is faint in Ghana.
ADEQUACY AND FLUIDITY OF RESOURCES
Capital is particularly expensive and hard to obtain in Ghana. Interest rates are currently over 30%. Quaynor built NCS through bootstrapping and reinvesting the cash flow generated by a successful ISP business. Africa On-Line was originally funded with venture capital from Prodigy and later needed to re-invent Global Diffusion of the Not enough resources were available in either the private or public sector to build a true national backbone. Much of the optical fiber was in place for a national backbone through the Volta River Authority. However, the Authority overpriced for the market. This example underscores the inability of the Ghanian government to channel resources in a timely and effective manner.
LEGAL AND REGULATORY FRAMEWORK
A country's score on the Organizational Infrastructure dimension is strongly influenced by the legal and regulatory regime governing telecommunications. In the early 1990s, Ghana began to liberalize its telecommunications sector to spur As the Internet emerged in the 1990s, policy-makers saw it as a value added service that used the basic telecommunications services of Ghana Telecom. In this regard, they used a distinction that had been adopted by GATT (General Agreement on Trade and Tariffs) and used by the World Bank and other development agencies pressing for reform of the telecommunications sector.
Policy-makers agreed that value added services should be allowed to be offered by organizations that were separate from the former PTT, Ghana Telecom. Establishing Ghana's regulatory and legal framework for the Internet is contentious because of the VoIP issue. In encouraging the development of "value added" data services, the Ministry of Transportation and Communications did not foresee how quickly voice and data would converge. In spite of this contention, a healthy ISP industry emerged in Ghana.
ABILITY TO EXECUTE
An "ability to execute" refers to the ability to plan, execute, and complete projects expeditiously. The ability to execute influences the rate and extent of infrastructure build-out within a country. NCS, Internet Ghana, and Africa Online showed great ability to execute by building viable ISPs. Based on his extensive experience and contacts in business, government, and academia, Quaynor was able to negotiate for an international gateway in 1995. He was able to hire and train engineers to run NCS.
At the national level, Ghana's ability to execute is weaker. Ghana Telecom struggled to decide how to keep pace with the Internet phenomenon and all that it represents. It was not able to build a national Internet backbone, provide Internet exchange services, or even provide an adequate number of landlines. 
GEOGRAPHY
Countries with a large landmass, mountainous terrain, or widespread chains of islands face greater challenges building infrastructure than small and flat ones.
Geography is not a factor limiting the diffusion of the Internet in Ghana. However, Ghana is still struggling to find the right economic and technical model for providing communication services to all of its citizens, particularly those in rural areas. Ghana telecommunications infrastructure is more developed in the south than it is in the less economically developed north. Although it was mismanaged, the Volta River Authority's fiber optic backbone runs through the south. VSAT and microwave service provide a way for Ghana Telecom and ISPs to connect with their POPs around the country.
DEMAND FOR CAPACITY AND CONNECTIVITY
Local demand for Internet capacity and connectivity helps create the "pull"
conditions that encourage expansion of infrastructure, increases in infrastructure capacity, and emergence of new services and service providers. Clearly a capacity and connectivity are in demand in southern Ghana, particularly in Accra and, to a lesser extent, in Kumasi and some of the other regional capitals. Most traffic leaves the country. Ghanaians often use external portals such as Yahoo to communicate among themselves. The need for an Internet exchange is not pressing in Ghana, but the lack of an exchange encourages Ghanaian businesses to host sites outside Ghana. And because sites are hosted outside the country, the demand for infrastructure within Ghana is less. Global Diffusion of the Internet IV: The Internet in Ghana by W. Foster, S. Goodman, E. Osiakwan and A. Bernstein
The demand for capacity and connectivity decreases further north in the country.
If demand existed there, development of a national backbone and regional infrastructure would be much more likely. Without the infrastructure, the economies outside of Accra and Kumasi cannot develop; without the economies, infrastructure deployment languishes for want of demand for capacity and connectivity. It is a vicious circle.
CULTURE OF ENTREPRENEURSHIP
In many countries, much Internet expansion takes place as a result of entrepreneurial activity that leads to creating new organizations, new products and services, and efforts to promote them in the marketplace. A strong culture of entrepreneurship often provides a rich milieu in which innovation diffusion takes place.
Ghana's culture of entrepreneurship is significant, though not strong,. The first three ISPs were established by entrepreneurs. Once a business model is demonstrated successfully, it is copied repeatedly, as seen by the launching of many ISPs and Internet cafés in Ghana after 2000. However, Zachary [2003] claims that government instability in Ghana undermined entrepreneurial spirit by discouraging investment for the long term. Quaynor [2003] believes that Ghana needs both businesses that rely on Internet services, and entrepreneurs who can target market opportunities, take advantage of Ghana's resources, nurture its labor force, and invest resources wisely.
FORCES FOR CHANGE
The impetus for change in a country can come from many quarters such as a competitive environment, a cultural predisposition to change, or individuals who champion change. In his book The Internet Revolution and Developing Countries, Wilson [2004] argues through case studies of Brazil, China, and In Ghana, the growth of the Internet was also fueled by Ghanaians' curiosity for the outside world. Many are looking for a way out of the country. Ghanaians are willing to spend a significant part of their income to access the West via the Internet. The cash flow generated by individual and corporate subscribers financed the development of IP infrastructure at least in Accra. Zachary's [2003] essay Black Star makes the point that if the Internet only serves to enable and encourage the best and the brightest to leave Ghana, it may be an enemy of development. Zachary [2003] also provides a number of examples of talented Ghanaians who returned to Ghana with their technological expertise.
For these individuals, the Internet is indispensable.
ENABLERS OF CHANGE
In certain countries, there are institutions that encourage innovations to flourish.
An example would be a national system of innovation, perhaps based on the Global Diffusion of the Internet IV: The Internet in Ghana by W. Foster, S. Goodman, E. Osiakwan and A. Bernstein educational system. Though the Ghanaian educational system was a driver of store and forward email systems in the 1980s, it played a peripheral role in Internet deployment. Government can also be an enabler of change, though the government in Ghana had only a limited role in the diffusion of the Internet. Our inability to identify an enabler of change for Ghana points to the challenges faced by those who are trying to transform Ghanaian society to leverage the Internet.
V. CONCLUSION: GOVERNMENT POLICY AND THE DETERMINANTS OF INTERNET DIFFUSION
In all 40 countries the MOSAIC Group studied, government policy influences the determinants of Internet diffusion. Table 21 lists ways we believe the Ghanaian government can influence each of the determinants to increase Internet diffusion. 
RECOMMENDATIONS TO THE GHANA GOVERNMENT
Based on our observations and analysis, we make the following recommendations to the government of Ghana:
1. The biggest challenge the government faces is how to finance the deployment of communications infrastructure given the deficit that Ghana Telecom faces.
Zachary [2003] recommends that ISPs deploying infrastructure in rural areas be allowed to do VoIP. We recommend that
ISPs should also be allowed to provide cellular service in regional areas where they build infrastructure. 
QUAYNOR'S RECOMMENDATIONS
Quaynor [2003] believes that the best hope for Ghana is to significantly increase the number of university graduates with technical degrees.
All university graduates are required to spend a year after graduation in a national service position. The government, he argues, should place the best of these graduates at the cutting edge of technical and entrepreneurial ventures. Quaynor's [2003] other idea about funding the development of businesses that will need communication technologies deserves further research and exploration.
UNDP, the World Bank, the African Development Bank and other development agencies should fund research and pilot projects to explore the role of information technology and the evolution of global supply chains. Ghanaians must understand what is necessary to move up the value chain from being a producer of raw materials to being a value-added manufacturer of goods for both domestic consumption and export.
FINAL THOUGHTS
A strong and vibrant telecommunications industry provides relatively low-cost and high quality connectivity to businesses which need to communicate internationally. Ghana's head start in deploying the Internet gives it a competitive advantage over many other African countries by enabling Ghanabased businesses to compete in the global economy.
Ghana, like other countries, must be wary of the false hopes of technological utopianism. Although the Internet makes doing business in Africa easier, the Global Diffusion of the Internet IV: The Internet in Ghana by W. Foster, S. Goodman, E. Osiakwan and A. Bernstein level of corruption and fraud make it difficult. If Ghana can reduce these hurdles through the right combination of government leadership, market mechanisms, and technological innovations, then it will experience greater Internet diffusion as measured by the GDI framework. 7 In doing so, Ghana may build a valuable "gateway" to Africa.
APPENDIX I. GLOBAL DIFFUSION OF THE INTERNET FRAMEWORK
The analytic framework used here is laid out in "A Framework for Assessing the Global Diffusion of the Internet" Study [Goodman et al., 1998 ], based on a more general analytic framework developed in The Information Technology Capability of Nations [Wolcott, 1997] . A useful analytic framework should be sufficiently rich that it captures the multifaceted diversity of countries' experiences with the Internet. At the same time, the number of variables should be small enough that they can be easily kept in mind. Each of the variables should describe an important, somewhat intuitive, and measurable feature of the presence of the Internet in a country. In a rough sense, the variables should form a complete set in that they collectively cover almost everything that might reasonably be of interest, and each variable should have something to offer to the overall picture that the others do not.
Finally, for the framework to be useful, it must be feasible to measure the values of the variables given a modest investment of resources. If the analytic framework is based on variables that cannot be measured in practice, then its effectiveness is compromised.
The six dimensions of Internet Diffusion are shown in Table A-1. The levels should progress from less to more in an ordered way. Using an order of magnitude difference between levels provides a number of advantages.
1. It increases the probability that two observers looking at the same country at the same point in time are likely to come up with the same assignments of levels, despite data about the Internet often changing rapidly, being incomplete, and of variable credibility.
2. While the measure is fundamentally quantitative, levels include a qualitative aspect. When a country progresses from one level to another, the change is substantial enough that it is likely to observe a significant change in the impact and use of the Internet on a country. There may be some Internet users in the country; however, they obtain a connection via an international telephone call to a foreign ISP.
Level 1
Embryonic: The ratio of users per capita is on the order of magnitude of less than one in a thousand (less than 0.1%).
Level 2
Established: The ratio of Internet users per capita is on the order of magnitude of at least one in a thousand (0.1% or greater).
Level 3
Common: The ratio of Internet users per capita is on the order of magnitude of at least one in a hundred (1% or greater).
Level 4
Pervasive: The Internet is pervasive. The ratio of Internet users per capita is on the order of magnitude of at least one in 10 (10% or greater).
While the "state" of the Internet at a given point in time within a given country can be captured using the dimensions outlined above, it is perhaps more important to understand the factors that caused the Internet to evolve to the state it has. 
DIMENSIONS
